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Rust-infested and uninfested seedlots of 14 safflower (Carthamus 
tinctorius) entries (4 resistant lines, 4 moderately or fully susceptible 
lines, and six F
1 
hybrids from crosses between rust-susceptible females 
and rust-resistant males), were planted in replicated field trials. The 
four infested entries resistant to seedling rust incited by Puccinia 
carthami Cda. exhibited average stand losses of 2.4, 8.4, 18.4, and 27.7%. 
Stand reduction in the resistant entries was not greater than the inher-
ent compensating ability of the surviving plants; consequently, the yield 
of these entries was not significantly reduced. Plots from the rusted 
seedlots of the moderately and fully susceptible entries had stand losses 
of 54.9, 79.5, 95.4, and 97.6%, and yielded significantly less than plots 
grown from uninfested seedlots. Stand reduction in these entries exceeded 
the inherent compensating ability of the surviving plants. Hybrid entries 
of rusted seedlots showed stand losses of 37.3, 47.4, 94.4, 61 .7, 90.l, 
and 90.5%. Hybrids showed a better inherent compensating ability of sur-
viving plants than pure lines. In the partial hybrid lines the undesirable 
selfs were eliminated by seedling rust, leaving a population composed of 
high yielding hybrid plants. 
(26 pages) 
INTRODUCTION A D REVIEW OF LITERATURE 
Safflower and its importance 
Safflower, Carthamus tinctorius L., is among the oldest crops known 
to man but is relatively new to the United States. The origin of 
safflower is not clear but it has been known for centuries in India, the 
Middle East, and North Africa. For centuries safflower flowers were 
used as a source of dye. [The red and yellow dye was used in dyeing 
clothing and coloring of food.] In some areas of the [Old] World it is 
still used for such purposes (2,7). Today safflower's primary impor-
tance lies in its oil which is used as salad and cooking oil, in the 
manufacture of margarine, as drying oil in paints and varnishes, and for 
industrial purposes. Of secondary importance is its use as a protein 
food supplement for cattle, sheep, and poultry (3,7,8,13). 
According to Claassen (2), safflower was first introduced into the 
United States during the 18001 s by immigrants from Spain, Portugal, and 
Europe. The early immigrants' most common use of safflower involved the 
dried florets which were used in coloring soups and in making tea. Only 
in the last century has safflower become of interest as an oil crop. [It 
is grown as a regular field crop only in India and in limited parts of 
the United States.] During the last 30 years American farmers have grown 
safflower as a commercial crop. Since 1940 significant improvements have 
been made in safflower through breeding, particularly in the area of 
disease resistance. 
Rust 
Rust, incited by Puccinia carthami Cda., may occur anywhere 
2 
safflower is grown. Rust resistance has received much attention because 
of its economic impact to safflower growers. High humidity from the 
atmosphere or irrigation facors the development of rust (4). It is a 
macrocyclic autoeciousspecies which incites two distinct diseases or 
phases, a seedling phase and a foliage phase (4,10,11 ,12,14,19). It in-
fects emerging seedlings by means of basidiospores produced from soil-
borne or seed-borne teliospores, and causes significant stand reduction. 
Poor stands are obtained when (1) untreated or poorly treated rust-
infested seed is planted; (2) safflower is planted on land that was 
cropped the previous season with rusted safflower; (3) safflower culture 
in an area is so intensive that the number of basidiospores produced 
from teliospores on plant debris or on the soil in adjacent fields pre-
viously cropped to safflower is sufficiently large to cause infections 
in surrounding fields. The seedling phase furnishes primary inoculum 
(aeciospores) for the initiation of the foliage phase (17). Seed treat-
ment and crop rotation have reduced but not eliminated seedling infec-
tion. 
Although seedling rust frequently reduces stand by as much as 25-50%, 
yield is not believed to be significantly reduced. Safflower compensates 
remarkedly under reduced stands such that yields are not greatly influ-
enced. Exactly what percentage of stand reduction can occur without a 
significant reduction in yield is not known. 
Several sources of rust resistance have been discovered and several 
homozygous rust resistant lines have been developed which can be used in 
crosses with functional male sterile lines to produce partial F1 hybrid 
varieties. Since rust resistance is conditioned by single dominant 
genes (19) and susceptible seedlings when rust infected seldom survive 
the seedling stage, artificially inducing seedling rust may offer a 




The discovery of functional male sterility resulting from the 
pleiotropic effects of the th gene paved the way for the production of 
partial F1 hybrids (9). Partial hybrid varieties have never performed 
as well as expected, presumably because of the presence of low yielding 
female selfs or sibs within the seedlot. The utilization of 100% F1 
hybrids has been shown to increase yield by as much as 35% (1). This 
yield advantage has never been obtained in commercial hybrids because of 
the failure to obtain a high percentage of hybrids in the seed field. 
Presumably, partial hybrids should yield as well as 100% hybrids if some 
means could be devised to eliminate the low yielding selfs or sibs from 
the seedlot sufficiently early in the season to avoid any yield reducing 
competition with the hybrid seeds. 
Objectives 
The following study was undertaken in an effort to (1) ascertain the 
relationship between stand reduction from seedling rust infection and 
yield, and (2) determine the feasibility of using artificial rust infes-
tation of partial hybrid seedlots in order to reduce the percentage of 
low yielding selfs and thus improve yield. 
MATERIALS AND METHODS 
Surface-sterilized seedlots of eight pure lines and varieties: 
(6458-5, N 1-1-5, PCA, PI 195895, th-5, th-10, Gila, and Ute) and of 
4 
six F1 hybrids: (th-10 x PI 195895, th-5 x PI 195895, th-10 x 6458-5, 
th-5 x 6458-5, th-10 x Ute, and th-5 x Ute) were divided into two equal 
parts (Table l ). One lot of each entry was infested with rust by dust-
ing seed with teliospores at a rate of 1.0 gram of spores per kilogram 
of seed. The teliospores were collected the previous year from a field 
nursery which contained all the described races of Puccinia carthami. 
The remaining lots were not infested. Seed from rusted and rust-free 
seedlots were planted in replicated field plots of two locations, the 
Evans Farm at Nibley, Utah and the Greenville Farm at North Logan, Utah. 
To avoid soil-borne spores, land chosen for the trials had not been 
planted to safflower for two years. Plantings were made on April 19, 
1969 and April 22 at the rate of 12 seeds per foot of row. There were 
four replications of a spit-plot design, with entries as whole plots and 
treatments as subplots. Each subplot consisted of four rows 20 feet in 
length. 
The dead and dying seedlings were counted and removed from each sub-
plot, 13, 24, 33, 40, 45, 55, and 62 days after planting. The total 
number of surviving plants in each plot was counted at harvest time and 
the percentage of thin hull plants in the hybrids was determined by 
examining the seed (selfing bags were used to avoid outcrossing). The 
center 10-foot section of the center two rows of each subplot was har-
vested for seed yields in early October. 
Table 1. Fourteen safflower entries included in the 1969 seedling 
rust resistance and hybrid safflower nursery. 




Ute Moderately Susceptible 
6458-5 Resistant 
N 1-1-5 Resistant 
PCA Resistant 
PI 195895 Resistant 
th-10 x PI 195895 F1 
th-5 x PI 195895 F1 
th-10 x Ute F1 
th-5 x Ute F1 
th-10 x 6458-5 F1 









RESULTS AND DISCUSSION 
Seedlings emerged as quickly from rust-infested seedlots as from 
rust-free seedlots. Dead seedlings were first observed in the infested 
plots 13 days after planting. They invariably showed evidence of rust 
infection (hypocotyl elongation, spermagonia, and in some cases aecia). 
Less elongation and fewer and smaller spermagonia were observed on dead 
seedlings from plots of the resistant entries. Although dead seedlings 
showed evidence of rust infection, it is likely that low grade soil-in-
habiting pathogens played an active role in early seedling death. Dead 
seedlings were generally not observed in plots planted with rust-free 
seed (Fig. l). The absence of dead seedlings in these latter plots 
suggests that if low grade pathogens are involved, they are secondary in 
nature. Zimmer (16) showed that rust infection of young safflower seed-
lings caused hypertrophy and hyperplasia which led to splitting of the 
hypocotyl cortex. Thus, avenues are available for invasion by secondary 
pathogens. 
Entries showed different stand loss trends with regard to time. 
Fully and moderately susceptible entries (th-5, th-10, Gila, and Ute) 
exhibited a rapid increase in stand loss from 13 to 45 days after 
planting. Although th-5 and th-10 had greater stand loss than Gila and 
Ute, they showed the same trend of stand loss in regard to time as did 
Gila and Ute (Fig. 2). Little additional stand loss occurred after 45 
days. However, Ute's slight stand loss after 45 days reflects its 
moderate resistance to seedling rust. With resistant entries (N-1-1-5, 
6458-5, PI 195895, and PCA) stand losses were lower than with fully and 
Fig. lA. 
Fig. 1B. 
Four row field plots of th-5, rust susceptible 
variety, 12 weeks after planting heavily rust 
infested seed. 
Four row field plots of PI 195895, a rust 
resistant variety, 12 weeks after planting 
heavily rust infested seed. 
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Fig. lC. Seedling rust susceptible entries, th-5, th-10 
and Gila (three plants on the right) and 
resistant entries PCA, N-1-1-5 and 6458-5 
(three plants on the left). 
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Fig. 2. Percentage stand reduction which occurred from 13 to 
62 days after planting rust-infested seedlots of 4 





moderately susceptible varieties, but they continued to increase at 
about the same frequency to 55 days after emergence (Fig. 3). This 
continual increase in stand loss after 45 days probably reflects the 
slower rate of parasitism in the resistant plants. Partial hybrid 
populations th-10 x 6458-5, th-10 x PI 195895, th-5 x 6458-5 and th-5 x 
PI 195895 exhibited a more resistant trend with regard to stand loss 
than hybrids th-5 x Ute and th-10 x Ute (Fig. 4). This is due to the 
fact that PI 195895 and 6458-5 are much more resistant than Ute. 
In comparing the moderately and fully susceptible entries with 
resistant entries, seedling rust reduced the yield of the moderately and 
fully susceptible entries significantly, but had little, if any, effect 
on the yield of the resistant entries (Table 2). Although stand losses 
in some plots of the resistant entries reached more than 25%, there was 
no apparent reduction in yield. Yields of both the susceptible and 
resistant plots were not directly proportional to the percentage of stand 
loss. Safflower's morphological development (branching, number of heads 
per plant, head size, and number of seeds per head) is directly respon-
sive to environment. When space permits and moisture is adequate, saf-
flower is capable of producing optimum yields over a wide range of 
plant populations. 
Seedling rust was effective in eliminating a large percentage of 
the rust susceptible selfs from partial hybrid seedlots of crosses between 
rust resistant and rust susceptible lines (Table 3). However, the re-
moval of the low-yielding selfs from the partial hybrid population did 
not, as anticipated, lead to a significant increase in the yield of the 
plot. This suggests that the low yielding selfs are poor competitors 
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Fig. 3. Percentage stand reduction which occurred from 13 to 
62 days after planting rust-infested seedlots of 4 
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Fig. 4. Percentage stand reduction which occurred from 13 to 
62 days after planting rust-infested seedlots of 6 
safflower partial hybrid populations. 
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Table 2. Stands and yields resulting from planting rust-infested and rust-free seedlots of 8 
varieties or pure lines and 6 partial hybrids. 
Stand loss (%) Yield l/ 
Variety, line Rust Tri a 1 1 Trial 2 Unrusted Rusted Percentage 
or hybrid reaction N. Logan Nibley check (lb/A) ( 1 b/ A) of check 
N-1-1-5 Resistant 1. 32 3.33 3342.5 3225.9 96.5 
6458-5 Resistant 7.00 9.83 3800.3 3996.8 105.2 
PI-195895 Resistant 12.62 24. 10 3524.5 3548.1 100.7 
PCA Resistant 24.75 30.74 3433.5 3396. 2 98.9 
Ute Moderately 
Susceptible 49.21 60.69 3888.7 3409.3* 87.7 
Gila Susceptible 77. 39 81.62 2454.3 1499.9* 59. l 
th-10 Susceptible 96.35 98.98 2141.9 274.4* 12.8 
th-5 Susceptible 93.87 96.92 2941.0 753.3* 25.6 
th-10 x 6458-5 Mixed 33.45 41.09 4307.9 4389.8 101.9 
th-5 x 6458-5 Mixed 40. 72 54.11 4377.4 4262.6 97.4 
th-10 x PI 195895 Mixed 45.94 52.80 3659.5 3630.2 99.2 
th-5 x PI 195895 Mixed 56.28 67. 16 3727. 8 3243.2* 87.0 
th-10 x Ute Mixed 88.28 91.96 4026.9 1687.4* 41. 9 
th-5 x Ute Mixed 92.58 88.39 4330.2 1443.0* 32.4 
LSD .05 7.04 10.65 
ll Only Trial l was harvested for yield 
* Significantly different from the yield of the checks at the 5% level or probability. 
__. 
w 
Table 3. The effect of rust infestation of seedlots on the hybrid-self ratio, the percentage of stand 
loss, and yield of partial hybrids of resistant x susceptible crosses. 
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a/ Determined by counting the number of selfs (thin hulls) in the unrusted plots of the partial hybrids. 
b/ Determined by counting the number of selfs (thin hulls) in the rust infested plots of the partial hybrids. * Significantly different than the yield of the unrusted check at the 5% level of probability. 
1 5 
seedling death of the selfs occurs significantly late in the development 
of the resistant hybrids that they cannot effectively utilize the space 
voided by the loss of the selfs. Nevertheless, it was encouraging to 
find that selfs can be eliminated without loss of yield in some of the 
hybrids (th-5 x 6458-5, th-10 x 6458-5 and th-10 x PI 195895). Hybrids 
th-5 x PI 195895, th-5 x Ute, and th-10 x Ute did show significant re-
duction in yield between rusted and rust-free plots, especially th-5 x 
Ute and th-10 x Ute. This is due to the fact that Ute is less resistant 
than PI 195895 and 6458-5. Hybrid th-5 x PI 1958951 s significant stand 
and yield loss might be accounted for by a lower percentage of hybridi-
zation or hybrid seed in that population than in the other hybrid th-10 x 
PI 195895, thus having fewer high yielding and rust-resistant hybrids to 
compensate for stand and yield loss due to seedling rust (Table 3). 
Seedling rust could have not only eliminated most of the selfs but 
some of the hybrids. One can conclude, however, from the hybrid-self 
ratio of rust-free and rust-infested seedlots that the elimination of 
the selfs was great (Table 3). The hybridization percentage and hybrid-
self ratio of rust-free and rust-infested seedlots were determined by 
counting the number of selfs (thin-hulls) in the plots of the partial 
hybrids during harvest. 
Seedling rust can be used to eliminate susceptibles from mixtures 
with resistant genotypes and may have value in programs where genotype 
separation or elimination is desired. 
Yield reductions resulting from rust-caused stand losses cannot be 
considered entirely comparable with yield reductions obtained from 
reducing plant populations in other ways (e.g., low planting rates or 
16 
thinning). Stand losses associated with seedling rust occur over a long 
period of time (Figs. 2, 3, and 4). Thus, the level of compensation 
attained by the surviving plants depends on the stage of plant develop-
ment at the time the neighboring plants succumbed to rust. Stand losses 
from rust occurring 45 days after emergence will have a greater yield 
reducing effect than a stand loss occurring 15 days after emergence. In 
the latter instance the plants have not developed beyond the point of 
compensation. 
The intensity of seedling rust in our study exceeded the level 
normally occurring in commercial fields; consequently, stand losses were 
greater and more rapid. It was found that seedlings with multiple rust 
infections succumbed earlier than seedlings with single infections. In 
commercial fields where the intensity of rust is less, seedlings with 
single infections would make up a large proportion of the rusted popula-
tion. Consequently, a higher percentage of the stand losses which occur 
would be expected to occur at later dates. This conceivably would result 
in a greater yield loss under commercial conditions than in our experi-
mental plots -- at least within resistant lines and hybrids. 
Seedling rust not only reduces stand, which may or may not reduce 
yield, depending on the time of seedling loss, but also allows weeds to 
become more competitive. 
The seedling rust resistances of N 1-1-5, PCA, PI 195895, and 6458-5 
are probably sufficient to prevent significant yield losses when planted 
in areas of heavy rust infestation. Unless new races of rust develop, 
the resistance of these lines should be sufficient to allow continuous 
safflower cultivation without yield loss from seedling rust. Other 
sources of seedling rust resistance have been found in safflower (20,21). 
17 
They afford breeders the opportunity to develop varieties with several 
genes for resistance, thus giving added protection against the develop-
ment of new rust races. 
18 
CONCLUSIONS 
Stand loss due to seedling rust did not result in a proportional 
reduction in yield. Resistant varieties showed that a 25% or more 
reduction in stand in the seedling stage may be required to show a 
significant reduction in yield, as a result of the power of surviving 
plants to compensate for the loss of some of the neighboring plants. 
Partial hybrids th-1O x 6458-5, th-5 x 6458-5 and th-1O x PI 195895, 
showed as much as 45% stand reduction with no significant reduction in 
yield. Partial hybrid populations did show a better yield than pure 
lines even though stand losses were less in resistant or moderately 
resistant parent lines. 
Artificial rust infestation of the seed of partial hybrids resulted 
in the death of most of the susceptible selfs, thus improving the per-
centage of hybrids in the population. The elimination of seedlings by 
rust did not result in higher yields. Partial hybrids th-5 x 6458-5, 
th-1O x 6458-5, and th-1O x PI 195895 showed no significant difference 
in yield between rusted and rust-free plots. However, hybrids th-5 x 
PI 195895, th-5 x Ute, and th-1O x Ute did show significant reduction in 
yield between rusted and rust-free plots, especially th-5 x Ute and 
th-1O x Ute. This is due to the fact that 6458-5 and PI 195895 are more 
resistant than Ute. Hybrid th-5 x PI 1958951 s significant reduction in 
yield was probably due to the fact that there was a lower percentage of 
hybridization or hybrid seed than in the other hybrids. 
19 
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